interest is that the maximum secretion which can be achieved in the presence of Sr2+ is about twice that which can be achieved with Ca2+ (Fig. 1) .
In addition to histamine secretion evoked by an antigen-antibody reaction, mast cells release some histamine in the absence of a membrane stimulus, namely spontaneous histamine release. Extracellular Ca2+ is not required for spontaneous histamine release, which amounts to only about 5 % of total cell histamine released over a period of 2 h at 37°C. Furthermore this spontaneous release does not require intact metabolism for ATP generation within the cell, the latter being a requirement for histamine secretion evoked by an antigen-antibody reaction (Chakravarty, 1968 ; Diamant, 1975) . However, if cells are incubated in a medium containing Sr2+ in the same concentrations as those that activate evoked secretion, then histamine secretion occurs spontaneously in the absence of any membrane stimulus, to a greater extent than when CaZ+ is present in the extracellular medium. The secretion is slow (Fig. 2 ) compared with that produced by antigen stimulation, which is complete within a few seconds (Mongar & Svec, 1972) . The histamine release occurring spontaneously in the presence of SrZ+ is referred to as 'secretion', because it requires intact metabolism for ATP generation within the mast cell just as evoked secretion does.
It has been suggested that histamine secretion evoked by the antigen-antibody reaction results from an increase in membrane permeability to Ca2+ and entry of the ion into the mast cell (Foreman & Mongar, 1973; Dahlqvist, 1974) . In adrenal chromaffin cells, making the membrane leaky towards Ca2+ by treatment in Caz+-free solutions (Douglas & Rubin, 1963) , allows CaZ+ to enter the cell when it is subsequently added back. In a similar way, it appears that the resting mast-cell membrane has permeability to SrZ+ which allows the ion to leak into the cell and initiate secretion.
The hypothesis that it is the entry of Ca2+ or Sr2+ into the mast cell that triggers the secretory process has been investigated by using the ionophore A23187 which transports Caz+ and Sr2+ across organic phases. The ionophore has a higher affinity for Ca2+ than for Sr2+ (Reed, 1972) and this implies that it will transport SrZ+ more slowly than Caz+. We have also measured the membrane permeability to 45Ca2+, and the uptake of Sr2+ by mast cells by using atomic-absorption spectroscopy.
Concentration of alkaline-earth metal ion (mM) I shows that the ionophore A23187 together with either extracellular CaZ+ or Sr2+ induces histamine secretion, and since the only known effect of ionophore A23187 is its ion-transporting activity, the results suggest that the entry of either Ca2+ or Sr2+ into the mast cell is a sufficient event to initiate secretion. In addition, we have shown that stimulation of mast cells by an antigen-antibody reaction increases the membrane permeability to 45Ca2+ (Foreman et af., 1975) . It is noteworthy that the active concentration range for both ions is the same for antigen-evoked and ionophore-induced secretion, but whereas SrZ+ is twice as effective in terms of maximum secretion for antigen stimulation, SrZ+ and Caz+ appear approximately equivalent when the ionophore is used to transport the ions into the cell. The conclusion is that the difference between the ions seen in the case of antigen stimulation results from a property of the channel allowing entry of these ions into the cell. In other words, the antigen-dependent Ca2+ channel has a greater conductance for SrZ+ than for Ca2+. Such a greater conductance towards Sr2+ may be related to the spontaneous secretion which occurs in the presence of SrZ+ even when the antigen-dependent channels are closed with respect to Ca2+. Fig. 2 shows that the secretion induced by Caz+ and ionophore A23187 is faster than that induced by SrZ+ and ionophore A23187. As mentioned above, the greater affinity of ionophore A23187 for Ca2+ compared with Srz+ implies slower transport of Sr2+, and we have confirmed this in mast cells by using murexide to follow the uptake of the ions. The rate of secretion with Srz+ in the absence of a membrane stimulus is very slow compared with the secretion induced by this ion and the ionophore. We have been able to show by measuring cell Srz+ content with atomic-absorption spectroscopy that the rate of Sr2+ accumulation by mast cells parallels the rate of spontaneous secretion in the presence of SrZ+.
Thus histamine secretion results from an entry of CaZ+ or Sr2+ into the mast cell, and the magnitude of the secretory response depends on the amount of the ion which enters the cell. In fact, measurements with atomic-absorption spectroscopy have revealed a VOl. 5 (Ag) open channels through which Sr2+ passes more easily than Ca2+, Cyclic AMP inhibits the opening of this channel, whereas phospholipid enhances it. The resting membrane has permeability to Sr2+ both through the closed antigen-dependent channels and through other sites. The ionophore A231 87 creates artificial conductance in the membrane for Caz+ and Sr2+, but it carries Caz+ more rapidly than Srz+.
linear relationship between the uptake of Sr2+ by mast cells and the degree of secretion, such that for 10% histamine secretion there is a Sr2+ uptake of 0.25fmol/cell. The relationship holds whether the uptake is slow and spontaneous, or fast after antigen stimulation.
It will be noticed from Fig. 2 that to achieve the same degree of secretion in the presence of the ionophore A23187, longer incubation is required with Sr2+ than with CaZ+. A question which follows from this is: does the lower secretion stimulated by antigen and with CaZ+ present, increase to that obtained with Sr2+ if a longer incubation period is allowed? The answer to this question is no, and although the transporting functionofionophoreA23187remains unchanged with time (Foreman &Garland, 1974) , the permeability change in the membrane induced by antigen stimulation is only transient (Foreman & Garland, 1974; Diamant et a/., 1974) , decaying after stimulation with a half-time of 1 min. Thus the greater maximum histamine secretion observed in the presence of Sr2+ after antigen stimulation is the result of a more rapid passage of SrZ+ through the antigen-dependent channels compared with the rate of passage of Caz+, for as long as the channels remain open.
The mechanism of this transient change in membrane permeability to Ca2+ and Sr2+ is unknown, but certain cellular constitutents are known to influence it. Firstly, the antigenevoked secretion in the presence of Caz+ (Mongar & Svec, 1972) or the spontaneous secretion in the presence of SrZ+ is increased by the addition or phosphatidylserine to the extracellular medium. The effect is specific for phosphatidylserine, and the magnitude of the increase in histamine secretion produced by this phospholipid is closely paralleled by an increase in the membrane permeability to 45Ca2+ that it produces, the increase being about 2-fold in both cases for the optimal concentration of phosphatidylserine (lOpg/ml). Furthermore this phospholipid has been shown to slow the decay of the membrane permeability to CaZ+ after antigen stimulation (Foreman & Garland, 1974) . The second agent which influences mast-cell membrane permeability to Caz+ is cyclic AMP. Dibutyryl cyclic AMP decreases the antigen-evoked membrane permeability to 45Ca2+. Furthermore dibutyryl cyclic AMP inhibits histamine secretion induced by antigen, but not that induced by the ionophore A23187, suggesting that cyclic AMP specifically decreases the calcium transport through the antigen-dependent channels. It has been shown (Kaliner & Austen, 1974 ) that mast-cell concentrations of cyclic AMP fall when Ca2+ is entering the cell and secretion proceeding, and the concentrations then return to their baseline values at the same time as the membrane permeabilitytoCa2+ is decaying.
In conclusion, experiments with Sr2+ as a probe for the function of Ca2+ in histamine secretion have revealed that the secretory response of mast cells after antigen stimulation is dependent on an increase in membrane permeability to Ca2+ and an entry of the ion into the cell (Fig. 3) . The antigen-dependent channel through which Ca2+ passes into the cell is selective and its function is modulated by cyclic AMP and phosphatidylserine. The precise function of these modulators in the normal biochemistry of the cell has still to be determined.
